Introduction {#sec1-1}
============

Hypertension is a known risk factor for coronary artery disease (CAD) in adults and the presence of childhood hypertension contributes to the early Development of CAD. It is known that origin of hypertension is from childhood, but it goes undetected unless specifically looked for it during this period.([@ref1]) According to many studies carried out world-wide the prevalence of hypertension in children and adolescents appear to be increasing.([@ref2]) The growing prevalence of hypertension is coupled with increase body weight and many reports have shown an association between blood pressure(BP) and body mass index (BMI).([@ref3][@ref4]) In Bogalusa Heart Study, it was reported that overweight children were 4.5 and 2.4 times likely to have elevated systolic and diastolic blood pressure(DBP), respectively.([@ref5]) Similarly, a study carried on Chinese children and adolescents showed that obese children have 2.9 times higher risk of developing hypertension when compared to their normal weight counterparts.([@ref6]) Another study conducted by Lee *et al*., on adolescents demonstrated that waist circumference (WC) as well as BMI are significantly associated (P\<0.05) with systolic and DBP.([@ref7]) An Indian study conducted amongst adolescent children showed that prevalence of hypertension was about 7.0% and 2.6% amongst urban and rural children. They also found that there was significant increase in prevalence of hypertension with an increased BMI.([@ref8]) Similarly, other studies also found the same trend for prevalence of hypertension amongst adolescent school children.([@ref9]) Increased body weight in children and adolescents is associated with increased systolic and DBP and can multiply the risk for adult cardiovascular disease in adulthood.([@ref10])

There is limited data and hence the present study was conducted to find an association of BMI and WC with hypertension amongst school children in the age group of 5-16 years belonging to lower income group (LIG) and middle income group (MIG) in National Capital Territory (NCT) of Delhi.

Subjects and Methods {#sec1-2}
====================

Study area {#sec2-1}
----------

A cross-sectional study was conducted. All schools belonging to MIG category (KendriyaVidhalayas) in the NCT of Delhi were enlisted. Thirty schools were selected utilizing the population proportionate to size sampling methodology. Similar methodology was utilized for selecting children of LIG category (attending Municipal Corporation, Government Schools). Children attending Government schools and Kendriya Vidhalayas were considered as belonging to LIG and MIG socio-economic groups, respectively for the purpose of this study. The sample size was calculated keeping in view the prevalence of hypertension as 7% amongst obese children 95% confidence interval (CI) and 10% relative precision was considered. A total of 10,248 children were selected from both LIG (4545) and MIG (5703) schools for the study. About 170 children from each school were randomly selected with the help of random number tables.

The monthly tuition fee of the school was taken as proxy of socio-economic status of the children's family. This was a limitation of the present study.

The study was approved by Ethical Committee of All India Institute of Medical Sciences. Written consent was taken from the parents and the school authorities for conducting the study.

Study population {#sec2-2}
----------------

The study was conducted amongst children in the age group 5-16 years in NCT of Delhi.

Collection of data {#sec2-3}
------------------

A pre-tested, structured questionnaire was administered to each subject to elicit information on socio-demographic profile and anthropometric measurements. Anthropometric measurements of weight, height and WC were recorded utilizing the standard equipments and methodology. Weight was recorded using Seca electronic weighing scale to nearest 100g. Height was recorded using the anthropometric height board to the nearest 0.1cm. For measurement of WC lowest rib margin and iliac crest in mid axillary line was located with the marker pen. Tape was placed horizontally midway between the lowest rib margin and the iliac crest, and wastied firmly, so that it stays in position around the abdomen about the level of umbilicus.([@ref11])

Clinical examination of the subjects was carried out by taking their BP measurements. Before recording the BP, the procedure was fully explained to the children and sufficient time was allowed for recovery from recent activity and apprehension. BP was recorded in sitting position in right arm by auscultatory method using a standard mercury sphygmomanometer with the subject seated and the arm extended over the table at the level of heart. A set of different-sized cuffs was used covering about 2/3 of upper arm and encircling it completely without overlapping.([@ref12][@ref13]) BP readings were noted as per the recommendations of American Heart Association.([@ref14]) The first and the fifth Korotkoff sounds were for the systolic and diastolic BP levels, respectively. Three measurements were taken at interval of 5min each and mean of last two readings was taken for SBP and DBP. Subjects who were having SBP or DBP above 95% for that age and sex were considered to be hypertensive.([@ref15])

The distribution of overweight (2.57%) and obese (0.12%) in LIG and overweight (6.52%) and obese (0.62%) in MIG school children was according to the BMI.

Results {#sec1-3}
=======

The present study was conducted amongst school children in the age group of 5-16 years in NCT of Delhi from October 2005 to December 2006. A total of 10,248 school children belonging to LIG (*n*=4545) and MIG (*n*=5703) were included in the study.

BP measurements of 4545 subjects from LIG schools and 5703 subjects from MIG schools were taken. Mean height, weight, WC, systolic and DBP of the children belonging to different age groups and socio-economic status participated in the study is depicted in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The mean difference of the parameters mentioned above between two socio-economic groups in both age groups, i.e., 5-10 years and 11-16 years was statistically significant for both sexes. It was found that the weight, height, WC, systolic and DBP increased as the socio-economic status improved.

###### 

Mean weight, height, waist circumference, SBP and DBP amongst the male children of different age groups and different socio-economic groups
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###### 

Mean weight, height, waist circumference, SBP and DBP amongst the female children of different age groups and different socio-economic groups
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Prevalence of high SBP and DBP is shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. Average SBP and DBP values of 95^th^ percentile or greater were fixed up for each age group as the cut-off points to define hypertension. According to these criteria, the prevalence of high SBP in LIG and MIG school population was 3.8% and 4.4%, respectively. Similarly, the prevalence of high DBP in LIG and MIG school population was 2.6% and 4.1% respectively. It was found that higher percentage of children from MIG schools was having high SBP and DBP when compared with children from LIG schools.

###### 

Distribution of study subjects according to socio-economic group and prevalence of high SBP
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###### 

Distribution of study subjects according to socio-economic group and prevalence of high DBP

![](IJCM-38-175-g004)

The statistical significant correlation was observed between BMI and systolic and DBP (r=0.440; P\<0.001);(r=0.341;P\<0.001). Measurement of WC is a useful index for estimating the risk factors associated with excess abdominal fat such as type II diabetes mellitus, hypertension and hyperlipidemia.([@ref14]) In the present study ,measurement of WC of children were carried out and the statistical significant correlation was observed between WC and systolic and DBP (r=420; P\<0.001);(r=0.298; P\<0.001). It can be inferred that children with high BMI and WC are more likely to have hypertension.

All the covariates at univariate analysis were included in a multivariate forward stepwise conditional logistic regression analysis taking inclusion and exclusion criteria of 0.10 and 0.05, respectively. In the model; BMI was found to be positively related to the risk of high systolic and DBP. It was found that the risk of high SBP increased 1.9 (95%CI:1.18-1.10) times in those who are either overweight or obese when compared with normal weight subjects. Similarly, it was observed the risk of high DBP increased 1.2 (95%CI:1.04-1.10) times in those who are either overweight or obese when compared with normal weight subjects.

Discussion {#sec1-4}
==========

The present study was conducted amongst children in the age group of 5-16 years. An association was found between BP and anthropometric measurements such as WC and BMI. It was observed that children with more body weight had increased SBP and DBP.

Gopinath *et al*., reported the prevalence of hypertension among children in Delhi in the age group of 15-19 years. The overall prevalence rate was 20.5/1000.([@ref16]) Verma *et al*., studied hypertension prevalence in urban children in the age group of 5-15 years in Ludhiana (Punjab) Hypertension was diagnosed by BP levels at more than 95^th^ %. The prevalence of high BP was 2.8 percent, which is comparable to the results of the LIG school children of the present study.([@ref17]) Similarly, another study from Ludhiana in 2004 revealed that prevalence of sustained hypertension was 7% amongst urban children and 2.6 amongst rural children. The prevalence of hypertension of rural children was similar to the prevalence observed amongst children from LIG category in the present study.([@ref8]) Another study carried out by Gupta *et al*., on school children in the age group of 13-17 years showed the prevalence of hypertension (≥142/92mm of Hg) as 7.2%, which is higher than the results obtained in the present study.([@ref18]) This could be due to difference in selection of the cut off values for defining hypertension.

The relation of body size to BP has been established in a number of cross-sectional studies.([@ref19][@ref20]) In Bogalusa Heart Study, it was established that BP is correlated with height and BMI.([@ref21]) In our study ,the statistical significant correlation was observed between BMI and WC with SBP and DBP. Association of hypertension with WC was reported earlier in a study carried out by Janssen *et al*., who found that individuals with high WC are more likely to have hypertension, dyslipidemia and metabolic syndrome.([@ref22])

In the present study, the prevalence of high systolic BP in children belonging to LIG and MIG groups in 5-16 years of age was found to be 3.8% and 4.4%, respectively. Similarly, the prevalence of high DBP in LIG and MIG children was 2.6% and 4.1%. The high prevalence of SBP and DBP remains unnoticed unless they are specifically measured during the school health examination. This indicates the prevalence of metabolic abnormities amongst the young children in the age group of 5-16 years. Based on our findings, we recommend that school health services should include a component of screening of children for the presence of hypertension. Children found with hypertension should be investigated thoroughly to rule out any underlying pathological condition. In the present study, we found an association between BP and anthropometric measurements like WC and BMI in children in the age group of 5-16 years of age. The children with higher body weight had higher SBP and DBP.
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